Since the first publication describing the identification of prostate-specific antigen (PSA) in the 1960s, much progress has been made. The PSA test changed from being initially a monitoring tool to being also used as a diagnostic tool. Over time, the test has been heavily debated due to its lack of sensitivity and specificity. However, up to now the PSA test is still the only biomarker for the detection and monitoring of prostate cancer. PSA-based screening for prostate cancer is associated with a high proportion of unnecessary testing and overdiagnosis with subsequent overtreatment. In the early years of screening for prostate cancer, high rates of uptake were very important. However, over time the opinion on PSA-based screening has shifted towards the notion of informed choice. Nowadays, it is thought to be unethical to screen men without them being aware of the pros and cons of PSA testing, as well as the fact that an informed choice is related to better patient outcomes. Now, as the results of three major screening studies have been presented and the downsides of screening are becoming better understood, informed choice is becoming more relevant.
INTRODUCTION
The incidence of prostate cancer (PC) is rising in most Eastern and Western countries. In Europe the disease affects approximately 225 000 men each year. 1 The increase can be explained by the increasing overall life expectancy of men, the increasing number of biopsies and cores per biopsy, and most importantly, the increasing use of prostate-specific antigen (PSA) measurements as a screening test. 2 The first publication describing PSA appeared in 1960. 3 Difference of opinion exists as to who should be credited for its discovery, as different groups isolated the same protein simultaneously. 4 In 1986, the American Food and Drug Association approved the PSA as a test to aid in the management of patients diagnosed with PC. In 1994, the PSA test was approved by the American Food and Drug Association as a diagnostic tool which can be used, for instance, for the early detection of PC. 4 Throughout the years, it became clear that the use of the PSA test in a screening setting has both advantages and disadvantages. The published results of the European Randomized study of Screening for Prostate Cancer (ERSPC), 5 the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial, 6 and the Gothenburg randomized population-based PC screening trial, 7 all initiated in the early 1990s, provide evidence on whether PSA testing is beneficial. The data from the three studies point towards a disease-specific mortality reduction due to screening, as well as the fact that screening by using a PSA test leads to overdiagnosis and therefore overtreatment. [5] [6] [7] The apparent controversial outcomes-with on the one hand a mortality reduction and on the other hand overdiagnosis and overtreatment-have motivated some professionals (i.e. primary care providers and/or urologists) to strongly recommend against PSA testing and some to strongly advise in favor of testing. Very few professionals truly inform men about the pros and cons of the PSA test. 8 Because more specific biomarkers are still lacking, the most commonly used screening test remains the serum PSA test. Disadvantages of the PSA test are the false-positive and false-negative results. A false-negative result can create uncertainty, while false-positive tests may lead to unnecessary additional testing. 9, 10 At the same time, men feel pressured or even encouraged by family members, friends or media to consider PSA testing. 8, 11, 12 In the light of the confusing situation that has occurred, informed decision making about whether a men should or should not get tested seems more needed than ever.
INCIDENCE AND MORTALITY OF PC
Different incidence and mortality rates for PC are found around the world (Table 1 ). It appears that Asia has the lowest incidence and mortality rates, while the highest rates are nowadays found in the United States. 13 After the introduction of the PSA test, the incidence of PC increased drastically. Recent data from the US Surveillance, Epidemiology and End Results program confirm this; new cases of PC have increased substantially in 1975-2005. The introduction of the PSA test led to a steep increase in PC incidence. Over time incidence declined; however, incidence rates did not retain to the level that was seen before the introduction of the PSA test. If this would reflect a true increase of the disease, it should be accompanied by an increase in disease-specific death rates, which is not the case. In fact, the mortality rates for PC declined during this period.
explained by the large stage shift from palpable and locally advanced disease to impalpable and localized disease. Due to PSA-based screening for PC, increasing numbers of patients with low-risk tumors (with low risk for both metastasis and mortality) are being detected.
1 These potentially clinically insignificant PCs (PSA,10 ng ml 21 , stage fT2a disease and Gleason f6) 16, 17 would not have been diagnosed without screening and may not lead to symptoms or death during the patient's lifetime. Within the screening arm of the ERSPC (section Rotterdam, the Netherlands), 27-56% of all cancers detected in men aged 55-75 years can be classified as potentially overdiagnosed. 18 
OVERTREATMENT
The ERSPC reported in March 2009 that PSA-based screening reduced the rate of death from PC by 20% in the intention to screen analysis. However, this mortality reduction was associated with a high risk of overdiagnosis and overtreatment. 5 Overtreatment means that men with overdiagnosed tumors, which would not have caused any symptoms during a man's lifetime if they had remained undiagnosed, are subject to unnecessary costly and invasive treatment.
2 Despite their indolent character, these low-risk tumors are often actively treated, resulting in so-called overtreatment. 19 Within the first round of the ERSPC (section Rotterdam), e.g. 293 out of 1014 men with detected PC could be classified as potentially overdiagnosed or 'indolent' and were eligible for active surveillance (AS). It turned out that in only 64 out of the 293 men an initial AS strategy was chosen. 20 The question thus arises how to deal with overdiagnosis and overtreatment more effectively. A specific biomarker for potentially life-threatening disease would probably solve a large part of the problem; however, no such biomarker is currently available. It is claimed that AS provides a realistic strategy to avoid overtreatment by surgery or radiation therapy. AS starts with a selection process in which men with favorable diseasespecific prognoses are included. The age of a patient and his estimated life expectancy play an important role. Radical treatment is withheld and replaced by closely monitoring the disease. 21 If progression occurs, curative treatment is indicated. The criteria for switching from AS to delayed curative treatment are based on both medical and nonmedical aspects. A benefit of AS can be the delay of active treatment, including avoidance of possible side effects and the delay of complications for a few years. 22 However, the psychological aspects of AS should not be ignored during the period of close monitoring. These include the anxiety of being too late for curative treatment.
ACTIVE SURVEILLANCE
AS is subject of ongoing studies since the 1990s. Klotz et al., 23 Carter et al. 24, 25 and Kakehi et al. 26 have all initiated studies regarding the value of AS (Table 2) . Klotz et al. 23 reported on the long-term clinical results of a large, AS cohort with localized PC at the beginning of this year. The cohort consisted of 450 patients with a median age of 70.3 years and a median follow-up of 6.8 years. Klotz et al. 23 reported that among the 450 patients, 97 patients died (21.6%) and 353 were alive (78.4%). The 10-year overall survival was 68% (95% CI, 62-74%). There was no difference in overall survival between the patients who remained on surveillance and those who were reclassified and treated radically. The reported 5-and 10-year cancer-specific survival rates were 99.7 and 97.2% for AS and active treatment respectively. In the study period, five PC-related mortalities occurred; all in men who had been reclassified as higher risk and who were offered radical treatment. Radical intervention was undertaken in three of the five patients (radiation n52; prostatectomy n51). The other two patients refused treatment. Klotz et al. 23 conclude that after a mean follow-up of 6.8 years only a single patient died after a relatively prolonged period of observation (.2 years) and subsequently experienced progression. Main reasons for discontinuing AS involve: short PSA doubling time (65/135, 14% of men of the total cohort) and grade progression (36/135, 8% of men of the total cohort). Carter et al. 25 reported in 2007 that out of the 407 men included in the program on expectant management (i.e. the careful selection and monitoring of older men considered to have low-risk disease with the intention to cure if the disease progresses 25 ), 239 (59%) men remained on AS at a median follow-up of 3.4 years (0.43-12.5). A total of 103 (25%) men underwent curative intervention at a median of 2.2 years after diagnosis (0.96-7.39), 45 (11%) men withdraw from the program, 12 (2%) men were lost to follow-up and 8 (3%) men died of causes other than PC. Reasons for withdrawal of the 45 men are not mentioned. Regarding the men who underwent curative intervention, older age at diagnosis (P50.011) as well as an earlier date of diagnosis (P50.001) was significantly associated with curative intervention. It should be noted that the John Hopkins approach for selecting and monitoring men differs from that reported by Klotz et al., 23 and can be considered to be more conservative, i.e. a smaller amount of T2 cancers are included in the John Hopkins pro- PSA-based prostate cancer screening LDF Venderbos and MJ Roobol 220 gram. Kakehi et al. 26 reported the first prospective study on AS in Japanese patients where PC was detected using only a PSA elevation. The study included 134 men; of whom 118 chose the AS program and 16 chose immediate curative treatment at enrolment. Up to 31 October 2006, no manifestation of metastasis or cancer death was observed in any of the participants. Three men died due to other disease, while five men were lost to follow-up. 26 Of the 118 patients who chose AS as initial treatment, 54 (46%) remained on AS for the maximal observation period of 54 months. Reasons for discontinuing AS were: a PSA doubling time f2 years (17/65), pathology progression (16/65), change in T-stage (1/65), patient's preference (15/65) and comorbidities (8/65). For seven men who discontinued AS, reasons are unknown. Kakehi et al. 26 reported that during the observation period, no serious adverse events were observed: not in the AS program group and not in those men who chose immediate treatment.
PROSTATE CANCER RESEARCH INTERNATIONAL: ACTIVE SURVEILLANCE (PRIAS) STUDY
Within the ERSPC (section Rotterdam), the prospective, observational PRIAS study has been initiated as a decision aid for the urologists managing their patients with AS and at the same time with the aim of validating this management.
2 It is an entirely web-based study. Potential patients can retrieve study information from the website (www.prias-project.org). Inclusion and follow-up data of patients can be entered in on the website after an urologist has gained access to the secured parts of the web tool. When data of a follow-up visit are entered, the website presents a graph survey of the PSA measurements and the PSA doubling time. On the basis of the follow-up criteria, a recommendation will be presented to the urologist on whether the patient should continue on AS or whether to discontinue and opt for active treatment. So, besides being a helpful tool for urologists in daily clinical practice, the website supports in clinical practice by providing decision points during AS.
By defining inclusion and follow-up criteria (Table 3) , the PRIAS study is attempting to select men with insignificant organ-confined tumors who have a favorable prognosis. Other arguments in choosing AS include age, quality of life issues, ethical aspects and costs associated with treatment. 27 Currently, the PRIAS study is applied in several medical centers across the Netherlands, as well as in other European countries, the United States, Canada, Japan and Australia. The initiators and participating centers of the PRIAS study hope to provide a highly needed evidence-based guideline for AS in PC to prevent overtreatment.
2
Results so far Currently, worldwide over 1500 patients are included in the PRIAS study. The first study interim analysis is based on the initial 500 study inclusions. These patients were included between December 2006 and July 2008 with a median follow-up time of 1.02 year (IQR (interquartile range) 0.6-1.5 years) 19 The 2-year active therapy-free survival rate accounted for 73%. Eighty-two men changed to active therapy during follow-up; 83% (68/82) did so on protocol basis. The other 17% of the men who switched to active therapy did so because of anxiety and/or upon request. Two hundred and sixty-one repeat biopsies were available for analysis of which 34% showed no cancer, while 22% showed a Gleason score of .6 or .2 positive biopsy cores. In 53% (102/194) of men with favorable biopsy results, a relatively unfavorable PSA doubling time of 0-10 years was seen. For men with an unfavorable biopsy result this percentage amounted to 62% (33/53). Seventeen percent (4/ 24) showed T3 disease after radical prostatectomy and 50% showed a Gleason score of .6. This compares favorably to the results of Klotz et al. 23 Overall, the authors stated that AS is a feasible strategy in avoiding overtreatment on the short term. When applying the strict PRIAS inclusion and follow-up protocol the result is that one out of four men who start on AS switch to active therapy within 2 years after diagnosis. 19 The PRIAS study is still young and further follow-up data need to be obtained and analyzed. However, the first results look promising.
Several studies show that a program of careful selection and monitoring of men who are likely to harbor clinically insignificant cancers is a rational alternative to active treatment. The value of AS alone is still under study; however, it is not yet clear how AS performs in a combined approach (i.e. which treatment can be best chosen if a men with a clinically insignificant PC presents). The Surveillance Therapy Against Radical Treatment trial is aiming at answering such a question. It is a large randomized controlled trial in which standard treatment with surgery or radiation will be compared against AS. 28 The trial is currently recruiting participants.
QUALITY OF LIFE ASPECTS WITH AS
As the clinical features of AS studies look hopeful, the quality of life aspect should definitely be taken into account. Due to screening, lowrisk cancers are diagnosed that would not have been detected during the man's lifetime in the absence of screening. Men who underwent screening are confronted with having cancer. By offering AS they could feel like no treatment is offered at all and they have to face the fact that they are living with cancer. This thought, but also the fear of disease progression, can cause psychological problems.
Results from the PRIAS trial van den Bergh et al. [29] [30] [31] assessed the impact of AS on the quality of life of men participating in PRIAS. van den Bergh firstly looked at the level of knowledge of PC and the perception of AS in men on AS. 29 It could be that patients perceive AS as a complex or contradictory treatment strategy, especially if these men are lower educated. Perception of the disease is an important aspect of treatment satisfaction. If men have a wrong perception of AS, treatment will most probably not be satisfactory. A hundred and fifty men who were recently diagnosed with PC received a questionnaire containing a 15-item measure on general knowledge of PC, an open-ended question on the most important advantages and disadvantages of AS and questions on the specific 30 initiated a study regarding the levels of anxiety and distress among men on AS who were living with 'untreated' cancer. These possible feelings of anxiety and distress were quantified in a questionnaire using the decisional conflict scale (DCS), a measure for generic anxiety (STAI-6), depression (CES-D), PC-specific anxiety (MAX-PC), physical health (SF-12 PCS), personality (EPQ) and shared decision making. A hundred and fifty men received a questionnaire, of which 129 men responded by sending the questionnaire back (response rate of 86%). The majority of men included in this protocolbased program for AS showed favorable anxiety and distress scores in comparison with reference values and to groups of patients with PC who underwent other types of treatment. 30 It turned out that some aspects, such as a poor physical health, high PSA levels and a high neuroticism score, were associated with one or more (neuroticism scores) of the CES-D, STAI-6, DCS and MAX-PC scores. A neurotic personality is therefore associated with unfavorable scores. After 9 months, the 129 men who filled in the first questionnaire received a second questionnaire. The aim was to investigate whether the levels of anxiety and distress among patients on AS changed over time. The response rate regarding the second questionnaire amounted to 90%. Men with low-risk PC who started and remained on AS during 9 months, remain to have favorable levels of anxiety and distress. Only 2/129 men (2.6%) discontinued AS because of non-medical reasons.
Other results
Whereas van den Bergh et al. 30, 31 reported favorable levels of anxiety and distress among men under AS, Wallace 32 reported that men undergoing watchful waiting (i.e. initial surveillance followed by active treatment if and when tumour progression produces symptoms 32 ) were uncertain. This uncertainty results in or from their perception of danger and therefore influences men's quality of life. Latini et al. 33 reported that treatment decisions were influenced by cancer anxiety and that more psychosocial support should be provided to men. Patel et al. 34 found, in an evaluation of men undergoing AS, that 8% of men with no evidence of cancer progression were given active treatment because they had significant anxiety about the possibility of progression and about living with cancer. These results point towards the need of appropriate teaching and management interventions to alleviate anxiety.
van den Bergh et al. 29 reported that men on AS had adequate knowledge of PC. Avery et al. 35 reported that while most men found PSA testing and biopsy acceptable, their perception of risk were not always accurate. It should be stressed to men that the lack of relationship between the risk of PC and urinary symptoms is essential; urinary symptoms are more likely to indicate benign rather than malignant prostate disease. Next to that a two-stage information process may also be necessary to overcome barriers at both PSA testing and prostate biopsy. The provision of more tailored information on the one hand improves PC knowledge, while on the other hand it helps to facilitate informed decision making.
Furthermore, few studies regarding quality of life in men undergoing AS have been performed. Even fewer studies have measured utilities for AS health states. Utilities derived from Ref. 36 were used by Hayes et al. 16 in a modeling study. They concluded that under a wide range of assumptions AS is a reasonable approach for a 65-yearold man with low-risk PC. Hayes et al. 16 performed a decision analysis to assess the quality-adjusted life expectancy of AS compared with initial definitive treatment with radical prostatectomy, intensitymodulated radiation therapy or brachytherapy. The authors reported that AS was the most effective strategy, with intensity-modulated radiation therapy for progression. The most effective strategy was defined as the strategy that was associated with the highest qualityadjusted life expectancy. AS provided 6 additional months of qualityadjusted life expectancy as compared to brachytherapy, i.e. the most effective initial treatment. However, it should be taken into account that the model is based on individual patient utilities and that the decision analysis only modeled outcomes for 65-year-old men.
SHARED DECISION MAKING
In the light of the above and taking into account that PSA is still the most important pillar for diagnosing PC, it is important to enhance informed and shared decision making. [37] [38] [39] According to Marteau, an informed choice can be described as 'a choice that is based on relevant knowledge, consistent with the decision maker's value and behaviorally implemented'. 40 Marteau 40 describes that at the beginning of the twenty-first century screening was largely viewed as a public health activity which was aimed at reducing disease prevalence. To achieve this, the emphasis has been upon high rates of uptake, and not upon an informed choice. Throughout the years, a shift in emphasis towards informed choice has occurred. 40 Several considerations reflect this shift. First, it reflects an increasing recognition of the fact that it is unethical for individuals not to be informed of the consequences of medical interventions. Men undergoing a PSA test should be made aware of the consequences that the PSA test could have on their lives. It is not just the pros and cons of the PSA test that should be weighted. Second, it reflects a belief that an informed choice is associated with better patient outcomes, as compared to an uninformed choice. Finally, the concern that failure to appreciate the consequences of screening may result in litigation has also resulted in the emphasis towards an informed choice. As PC screening is available to more men nowadays, it is important to raise awareness around an informed choice. Earlier it was already described that the PSA test is currently the most commonly used screening tool for PC. 41 However, the PSA test has both strengths and weaknesses. Men deciding to undergo PSA testing should be aware of both, which enables them to make a choice that is consistent with their individual values. It is also important for men to be informed about further medical consequences. If a PSA of o3.0 ng ml 21 is measured, in most cases a prostate biopsy will be recommended. 5 Nijs et al. 42 reported that the idea of undergoing a prostate biopsy already caused anticipated pain and discomfort. Zisman et al. 43 found that undergoing a prostate biopsy can have an impact on the patient's well-being due to causing pain and anxiety. Macefield et al. 44 reported that although most men coped well with undergoing a biopsy, a minority experienced elevated distress at the time of biopsy and after receiving a negative result. The authors stress that men should be informed of the risk of distress that is related to diagnostic uncertainty before consenting to PSA testing and possibly undergoing a biopsy.
While uncertainties persist around screening for PC using a PSA test, combining informed decision making with shared decision making seems a logical step. If patients are able to make an informed choice, it is certain that their choice balances their personal values. By also recommending shared decision making, the professional and the patient will share information, jointly participate in the decision PSA-based prostate cancer screening LDF Venderbos and MJ Roobol 222 making and agree in a course of action that incorporates the patient's personal preferences. 45 In general, decision aids help men make an informed decision about a number of preventive measures and treatments. 8 Throughout the years, several aids have been developed specifically to address PSA testing; 8, [46] [47] [48] [49] [50] [51] [52] all showing a positive effect on informed decision making. O'Connor et al. 51 lists several elements which should be enhanced in a good decision aid: (i) improve knowledge of the problem, options and outcomes; (ii) create realistic expectations of outcomes; (iii) clarify personal values for outcomes; (iv) promote congruence between values and choice; (v) reduce decisional conflict; (vi) promote implementation of choices; and (vii) improve satisfaction with decision making.
In an evaluation study of decision points provided with the paper version of a risk indicator the value of informed decision making has been assessed. 41 Two questionnaires were sent to a random sample of 2000 men, age 55-65 years. An informed choice in this study was defined as 'relevant knowledge about the PSA test, a positive attitude towards a PSA test, and undergoing a PSA test'. A man also makes an informed choice if he has relevant knowledge about the PSA test, has a negative attitude towards the test and does not undergo it. Other combinations reflected an uninformed choice. van Vugt et al. 41 reported that significantly more men met the requirements of an informed choice after receiving information on PC and after receiving an individualized risk estimate made possible with a PC risk calculator: 81/535 men (15%) at the first versus 174/522 (33%) at the second assessment (P,0.001).
Volk et al. 53 reported that decision aids, focused on PC screening, showed a long-term effect on screening behavior and also promoted informed decision making.
As shared decision making is being engaged in several major guidelines (American Urological Association, American Cancer Society and the US Preventive Services Task Force), 45 the question rises whether shared decision making is applied effectively in practice. Several studies confirm that shared decision making is applied in practice; 45, [53] [54] [55] however, it appears that discrepancies exist between the preferred role and the actual role of patients in the decision-making process. 56 Men are becoming more active in the decision-making process, as the study by Davison and Degner 57, 58 (32% of men wanting their physician to make the final decision, versus 58% of men in a similar conducted study 5 years earlier) shows. However, in general it is still the doctor who sets the agenda and who decides how much information is presented to the patient. 56 Whether effective shared decision making is reached is affected by the willingness of the urologist to involve the patient in the decision-making process.
CONCLUSIONS
Throughout the years, the knowledge on PSA and the PSA test has increased. However, that has not led to an unambiguous trust in the PSA test. The sensitivity and specificity of the PSA test are not optimal. Since no other prostate-specific biomarker is currently available, the PSA test will stay the most important diagnostic tool in both clinical and screening settings. Several screening studies, all using the PSA test as a diagnostic tool, have provided evidence regarding the efficacy of screening. Screening can lead to a disease-specific mortality reduction; however, it is currently also associated with overdiagnosis and overtreatment. AS seems a realistic strategy in avoiding overtreatment. AS is the subject of several ongoing studies, of which the results look promising.
It is important to enhance shared and informed decision making, because on the one hand the pros and cons of PSA testing should be clear to men who wish to be screened. On the other hand, informed and shared decision making can play a role when choosing a treatment strategy, especially when there are more options.
SUGGESTIONS FOR THE FUTURE
Since Steginga et al. 59 reported that an informed choice about PSA testing was the exception rather than the rule, and since the advantages for patients have been documented by now, more urologists should enhance informed and shared decision making in clinical practice. Many men are tested without a preceding discussion or even because PSA is included in routine lists of laboratory tests. In the United States current guidelines recommend that PC screening should be discussed with patients and that a PSA test should be provided to those men who decide to be tested. [60] [61] [62] However, if a man is not aware of the pros and cons of the test, as well as the consequences the result of the test can have, the doctor deciding for them does not seem justifiable, since decision making should balance personal values. A doctor can help in making such a decision; however, he should not make the decision himself unless asked.
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